Introduction
============

Mobile health (mHealth) has emerged as a movement to harness connected, digital tools such as computers, tablets, mobile phones, and wearables with an aim to advance health care. Such digital devices have the potential to decrease health care costs, increase access to care, and offer novel diagnostic, monitoring, and treatment options across a broad range of diseases \[[@ref1]\].

Mental illness is a crucial target for mHealth. mHealth can directly address a number of the devastating characteristics of mental illness, including its chronic nature, stigma, dynamic symptoms, and lack of easy access to treatment. In addition, mHealth can assist individuals in managing their conditions and help empower them to be active participants in their own recovery, a key to improved outcomes.

Schizophrenia is a mental illness for which mHealth offers a tremendous opportunity to deliver personalized, innovative, and accessible solutions. Schizophrenia is a health condition impacting approximately 1% of the population worldwide, afflicting men and woman with equal prevalence, often beginning in the late teens or twenties, and frequently characterized by chronic symptoms including delusions, hallucinations, and disorganization \[[@ref2]\]. While outcomes can be poor for some \[[@ref3]\], with early interventions \[[@ref4]\], psychosocial support \[[@ref5]\], judicious medication management \[[@ref6]\], and appropriate medical care \[[@ref7]\], individuals with schizophrenia can lead rich and fulfilling lives.

However, individuals with schizophrenia remain at risk of relapse, which can be difficult to predict, may struggle with more difficulty accessing appropriate care than others with chronic conditions, and often face tremendous social and emotional obstacles in their recovery \[[@ref8]\]. Since their inception, digital technologies have been explored as tools to offer better mental health care. Twenty-three years ago, researchers were using the first mobile phones to help patients with anxiety disorders \[[@ref9]\]. With the rise of mobile handheld technologies such as personal digital assistants, clinical studies suggested that those with serious mental illness were able to use and adhere to mobile interventions \[[@ref10]\], even when experiencing negative symptoms \[[@ref11]\], and that they generally found such technology helpful and easy to use. However, the advantages of such early mobile technological solutions involved practical limitations such as high cost and limited ownership.

However, the situation has changed in the last several years, as connected and mobile technologies are becoming more prevalent and affordable. Along with the rest of the population, those with schizophrenia are increasingly owning mobile technological devices such as mobile phones \[[@ref12]\] and are using them to digitally connect. A recent meta-analysis of mobile phone ownership among those with symptoms of psychosis revealed that the rate of phone ownership was rapidly increasing, with 81.4% ownership among those surveyed in 2014 and 2015 \[[@ref13]\]. Individuals with schizophrenia not only own connected devices, but are also able to use them for their mental health care. A recent systematic review of mobile phone studies and schizophrenia found no evidence of any adverse events related to technology use and rather overall strong support, interest, and adherence among those with schizophrenia \[[@ref14]\]. There is also emerging data on how those with schizophrenia engage with digital technology; one recent study of 80 individuals reports that just over half of respondents used text messaging (short message service, SMS), nearly half had email accounts, and over a quarter used social networking websites \[[@ref15]\].

Yet, despite the increasing potential of digital technologies for the treatment of schizophrenia, little is known about how individuals with schizophrenia use, interact with, and feel about these mobile health tools. While previous studies have examined serious mental illness and technology \[[@ref16],[@ref17]\], less is known about how people with schizophrenia actually use connected devices. Just as "early adopters" of consumer electronics are an important segment in market research, important lessons may be learned about technology use in schizophrenia from even the more engaged individuals. mHealth technologies now offer the potential for advanced personalized care; however, that potential starts with understanding how people are actually using these technologies. In this paper, we present results from a Web-based survey on mobile technology that captures a subset of those with schizophrenia who are more engaged with technology.

Methods
=======

In 2014, the National Alliance on Mental Illness (NAMI) commissioned Harris Poll to conduct a survey on technology use among those self-identifying as having schizophrenia. Harris Poll is an international market research firm, which in part specializes in Internet-based polls. Harris Poll conducted 457 interviews via a Web-based survey that averaged 15 minutes in length from August 25 to September 8, 2014.

The survey was developed and distributed to assess the role and use of technology among a subset of individuals who self-identified as having schizophrenia, schizoaffective disorder, and schizophrenia spectrum disorder.

The survey was designed to elicit individual responses to questions about technology use. Survey questions focused on access to digital devices, frequency of use, purposes of use including coping strategies, experience of technology use including risks of overuse, and perceptions of the possible role of technology in the future. Inclusion criteria were the following: 18 years or older, living in the United States, and self-reporting having been diagnosed with schizophrenia, schizoaffective disorder, or another schizophrenia spectrum disorder. Subjects were recruited from a sample obtained by Harris Poll (65%), NAMI's mailing list (15%), and NAMI's website (20%).

To help adjust for attitudinal and behavioral differences between those who use the Internet versus those who do not, those who join Web-based panels versus those who do not, and those who responded to this survey versus those who did not, results were weighted using a propensity score. This propensity weighting is proprietary to Harris Poll and its parent company, Nielsen, and used frequently in their international survey work. This propensity score, used to minimize the sociodemographic, attitudinal, and behavioral differences between Web-based and phone respondents, was calculated using a logistic regression model, based on the theory of individual choice. This weighted data set was then used to create a profile for those meeting the full qualification criteria, and was applied to the entire sample using the attitudinal and behavioral variables listed above. The weight also included a variable to account for the frequency of visiting the NAMI website \[[@ref18]\]. Both Harris Poll and NAMI analyzed the data. Of note, results presented in this paper are based on this weighting score, although NAMI will offer the raw data to mental health researchers upon request. This study was approved by the University of Southern California Institutional Review Board.

Results
=======

A complete copy of the survey is accessible at the NAMI website \[[@ref19]\]. These results are weighted as explained in the methods section

Survey Respondents
------------------

As indicated in [Table 1](#table1){ref-type="table"} , 457 subjects completed the survey. Thirty-nine percent of subjects (179/457) were aged 18-34, 23% (107/457) were aged 35-46, 30% (136/457) were aged 47-64, and 8% (35/457) were older than 65. The median age of respondents was 41.3 years and 46% were female. Seventy-one percent of respondents were white and 48% reported a household income less than \$24,999. The mean age of onset of schizophrenia in respondents was 25.5 years. Eighty-seven percent of respondents were in current treatment for schizophrenia. Details of demographics are shown below in [Table 1](#table1){ref-type="table"}.

###### 

Demographics

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                                                   \                                                                                 n (%) or mean (SD)
  ---------------------------------------------------------- --------------------------------------------------------------------------------- --------------------
  **Gender (n=457)**                                         Male                                                                              247 (54)

  \                                                          Female                                                                            210 (46)

  **Age (n=457)**                                            18-34                                                                             179 (39)

  \                                                          35-46                                                                             107 (23)

  \                                                          47-64                                                                             136 (30)

  \                                                          65+                                                                               35 (8)

  \                                                          Mean                                                                              41.3 (13.96)

  **Ethnicity (n=457)**                                      White                                                                             324 (71)

  \                                                          Hispanic                                                                          32 (7)

  \                                                          Black/African American                                                            64 (14)

  \                                                          Asian or Pacific Islander                                                         14 (3)

  \                                                          Native American or Alaskan Native                                                 5 (1)

  \                                                          Mixed race                                                                        1 (0)

  \                                                          Other race                                                                        5 (1)

  \                                                          Declined to answer                                                                14 (3)

  **Highest Level of Education (n=457)**                     High school or less                                                               165 (36)

  \                                                          Job specific training program(s) after high school                                50 (11)

  \                                                          Attended college or college degree                                                215 (47)

  \                                                          Attended graduate school or graduate degree                                       27 (6)

  **Household Income (n=457)**                               Less than \$24,999                                                                219 (48)

  \                                                          \$25,000 - \$49,999                                                               91 (20)

  \                                                          \$50,000 - \$99,999                                                               77 (17)

  \                                                          \$100,000 or more                                                                 41 (9)

  \                                                          Declined to answer                                                                31 (7)

  **Employment Status (n=457)**                              Full time                                                                         86 (19)

  \                                                          Part time                                                                         55 (12)

  \                                                          Self-employed                                                                     18 (4)

  \                                                          Not employed, but looking for work                                                32 (7)

  \                                                          Not employed and not looking for work                                             18 (4)

  \                                                          Not employed, unable to work due to a disability or illness                       151 (33)

  \                                                          Retired                                                                           41 (9)

  \                                                          Stay-at-home spouse or partner                                                    32 (7)

  \                                                          Student                                                                           23 (5)

  **Health Insurance Status (n=457)**                        Covered                                                                           411 (90)

  \                                                          Not covered                                                                       46 (10)

  **Type of Health Insurance Among Those Covered (n=415)**   Health insurance or HMO^a^through work or union or someone else's work or union   54 (13)

  \                                                          Health insurance or HMO bought directly by me or another member of my family      50 (12)

  \                                                          Medicare or a Medicare HMO                                                        158 (38)

  \                                                          Medicaid, Medicaid HMO, or medical assistance                                     133 (32)

  \                                                          Health insurance from another source                                              20 (5)

  \                                                          East                                                                              101 (22)
  \                                                                                                                                            
  **Region (n=457)**                                                                                                                           

  \                                                          Midwest                                                                           118 (26)

  \                                                          South                                                                             137 (30)

  \                                                          West                                                                              101 (22)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^Health Maintenance Organization

Access to Digital Devices
-------------------------

When asked about access to personal computers, smartphones, landline phones, tablets, public computers, and mobile phones without Internet capabilities, 90% (411/457) had access to more than one of the items listed, 61% (279/457) had access to 2 or 3 devices, and 29% (133/457) had access to 4 or more. Eighty-nine percent (407/457) had access to a personal computer, 54% (247/457) to a smartphone, 52% (238/457) to a landline, 35% (160/457) to a tablet, 32% (146/457) to a public computer, and 31% (141/457) to a mobile phone without applications or Internet accessibility. Access to technology also varied by age with 68% (122/179) of those aged 18-34, 48% (52/107) of those aged 35-46, 44% (59/136) of those aged 47-64, and 37% (13/35) of those older than 65 possessing a smartphone.

Frequency of Use
----------------

In examining time spent on devices per day, results indicated that 89% (407/457) of those living with schizophrenia spent one or more hours per day on their personal computer, and 18% (82/457) spent 10 or more hours per day. For mobile phones, results suggested that 85% (388/457) spent one or more hours per day on the device, while nearly half, 48% (219/457), spent 3 or more hours per day. Sixty-six (302/457) percent of respondents anticipated that technology would become a bigger part of their recovery in the coming years.

Purpose of Use
--------------

The most common activities during device use were surfing the Internet (2.7 hours), visiting social networking sites (2.0 hours), playing Web-based games (1.4 hours), and sending text messages (1.3 hours). Thirty-six percent (165/457) reported using Web-based technology to cope with schizophrenia "often" or "very often." Twenty-four percent (110/457) reported using technology "sometimes," and 40% (183/457) reported using technology "rarely" or "never" to cope with their illness.

Respondents reported using technology to cope with their illness "often" or "very often" with respect to music or audio files to block or manage auditory hallucinations (42%, 192/457); information about mental health on the Internet (38%, 174/457); calendar reminders for appointments or setting alarms (37%, 169/457); transportation, GPS, and map needs (32%, 146/457); medication management (28%, 128/457); providing support for others (26%, 119/457); developing relationships with others who have lived experience of schizophrenia (26%, 119/457); monitoring symptoms (25%, 114/457); and identifying coping strategies (24%, 110/457). Response rates varied by age: 34% (61/179) of those aged 18-34, 24% aged 35-46 (26/107), 14% aged 47-64 (19/136), and 8% of those aged 65 or older (3/35) reported that they would use various technologies for coping with symptoms of schizophrenia.

Twenty-three percent of respondents (150/457) "often" or "very often" avoided offline activities in order to stay on the Internet, and 18% (82/457) reported "often" or "very often" neglecting responsibilities because of Internet use.

For those who reported having the following relationships, respondents used their devices to communicate "often" or "very often" with family (51%, 233/457) and friends (48%, 219/457) and least often with case managers (23%, 105/457), professors (22%, 101/457), their doctors (22%, 101/457), or peer supporters (22%, 101/457).

Experiences of Using Digital Devices
------------------------------------

Respondents rated the helpfulness of various activities that they engaged in via digital devices. Surfing the Internet was reported to be the most helpful activity for 42% (192/457) of respondents, followed by talking on a landline, mobile phone, or smartphone (39%, 178/457), sending personal emails (31%, 142/457), text messaging (31%, 142/457), spending time on social networking sites (29%, 133/457), online gaming (26%, 119/457), and participating in online chat rooms or discussion groups (21%, 96/457).

When asked about computer, tablet, or mobile phone use, survey respondents were more likely to report positive feelings about their device usage (75%, 343/457). Participants felt connected (58%, 265/457), happy (47%, 215/457), inspired (47%, 215/457), hopeful (45%, 206/457), peaceful (44%, 201/457), motivated (43%, 197/457), and empowered (33%, 151/457), "often" or "very often" during their digital device usage.

Negative feelings were reported "often" or "very often" 56% (255/457) of the time, including feelings of being unable to stop (27%, 123/457), frustration (25%, 114/457), paranoia (24%, 110/457), worry (20%, 91/457), sadness (20%, 91/457), anger (19%, 87/457), mania (16%, 73/457), or envy (16%, 73/457).

Respondents also indicated that they were more likely to use technology when feeling well (58%, 265/457, reported "often" or "very often") as compared to when they were experiencing many symptoms (30%, 137/457). Respondents indicated that surfing the Internet, talking to others on the phone, spending time on social networking sites, and sending emails and text messages were helpful activities in managing their illness. To better understand how views differed between those who had versus had not used technology, we compared how nonusers versus users rated the helpfulness of various technologies. In [Table 2](#table2){ref-type="table"} , "perceived" helpfulness refers to the views of those who had not used that technology and "actual" to the views of those who had used it.

###### 

Mean helpfulness ratings (actual vs. perceived) of activities on a scale from 1 to 10, where 10 was the most helpful and 1 was the least helpful.

  ----------------------------------------------------------------------------------------------------
  \                                                                               Actual   Perceived
  ------------------------------------------------------------------------------- -------- -----------
  Surfing the Internet                                                            6.1      4.2

  Talking on the telephone including on a landline, mobile phone, or smartphone   5.8      3.7

  Using social networking sites                                                   5.3      2.4

  Text messaging                                                                  5.3      2.8

  Sending personal emails                                                         5.1      3.3

  Joining or participating in online chat rooms or discussion groups              5        3.3

  Online gaming                                                                   5        2.7

  Video chatting                                                                  4.7      2.9
  ----------------------------------------------------------------------------------------------------

Discussion
==========

Principal Findings
------------------

This is the largest study to date examining ownership and use of technology among those with schizophrenia. While conducting this study via a Web-based survey created a response bias (respondents are likely to be more technology savvy), the results offer crucial insights into how those with schizophrenia engage and connect with technology, suggesting potential targets for further study and possible considerations for clinical care.

Access to Digital Devices and Frequency of Use
----------------------------------------------

As expected in a Web-based survey, *access* to connected devices was high in the surveyed population---although results were similar to early smaller studies. This study demonstrates that many individuals living with schizophrenia have access to connected devices with results suggesting that the majority (61%, 279/457) actually have access to two or three devices. Rates of access to technology in this survey sample were similar to such rates in the general population, with 54% (247/457) of respondents having access to a smartphone compared to 64% of Americans currently owning one \[[@ref20]\]. Although 54% is also similar to the rate of ownership of 58% reported in a survey study at a state clinic treating those with serious mental illness \[[@ref12]\], it is higher than the rate of ownership of 37% reported in another recent survey study of those with serious mental illness at a community health center \[[@ref21]\]. The fact that this study was not limited to a single clinic and was conducted as an Internet survey may explain the higher ownership rates reported here. Results also showed that ownership of technology was biased toward younger individuals with schizophrenia, which is in line with national general population trends \[[@ref20]\] and earlier survey studies on technology use in patients with mental illness \[[@ref13],[@ref22]\]. This suggests that technology use in clinical care may be more fruitful when targeted toward younger individuals, such as those with prodromal or first episode symptoms; recent survey research supports this population's strong interest in technology as part of their care \[[@ref23]\].

Survey results also indicated that digital device utilization among people with schizophrenia as similar in manner to that of the general population---individuals with schizophrenia spent the most time with their connected devices talking to others, followed by surfing the Internet, browsing social networking sites, gaming, and text messaging. A recent Pew survey of the general population showed that the four most common uses of mobile phones were texting, voice calls, Internet browsing, and text messaging \[[@ref20]\].

Individuals living with schizophrenia may face a double stigma when using digital devices. Beyond the stigma often associated with schizophrenia itself \[[@ref24]\], there may be bias that those living with schizophrenia do not own, cannot use, are not interested in, or will become more paranoid and agitated when using technologies like mobile phones \[[@ref25]\]. Our survey indicates that there is a subset of individuals with schizophrenia who challenge the assumptions of low access and low frequency of use. While our methodology of a Web-based survey excludes many who do not like or use technology, our results highlight a subset of those with schizophrenia who not only are well connected, but also use technology in a similar manner to the general population.

The nature of this survey administered on the Internet also allowed us to capture information on those who may be too connected. Results revealed that 18% (82/457) of respondents reported using their personal computer and 14% (64/457) reported using their mobile phone for 10 hours or more per day. Therefore, rather than being "underconnected," some in this sample of individuals living with schizophrenia may have overused digital devices. Twenty-three percent (105/457) of respondents "often" or "very often" avoided activities to stay on the Internet, and 18% (82/457) neglected responsibilities because of the Internet. Future work will need to examine the causes and effects of digital device overuse in populations with schizophrenia; exploring how they use the Internet has the potential to reveal important insights. While we often consider those who are not connected and not using technology, ensuring that we also understand those who may be overconnected is also important, especially given how little we know about the impact of excessive digital device use on the symptoms and course of schizophrenia.

Purpose of Use and Coping Strategies
------------------------------------

As shown in [Figure 1](#figure1){ref-type="fig"} , the survey results suggest that many people with schizophrenia already use their mobile phones to manage their illness and promote their recovery. However, nearly half (48%, 219/457) of respondents reported that they "rarely" or "never" used their devices to communicate with others when experiencing symptoms, raising concerns about the ability of various technology interventions to deliver assistance when it may potentially be helpful. Results indicating that the highest use of technology for coping was among younger individuals suggests that such tools may be best accepted among a younger population; however, those who are older should not be excluded from use. Finally, considering again the bias of our survey toward more connected individuals, the reported reluctance to use technology when in crisis is especially concerning and underscores the importance of not overrelying on technology for crisis planning and intervention.

![Reported use of technology in coping based on 457 responses to Question 4: Aside from telephone calls, how frequently do you use a computer, tablet, or cell/smartphone to do the following?](mental_v3i2e15_fig1){#figure1}

Experiences of Using Digital Devices
------------------------------------

While positive feelings toward mobile devices were more common, our study results indicate that individuals with schizophrenia have both positive and negative feelings toward their mobile devices. However, these results are not unique to individuals with schizophrenia: 77% of the general population reported that their mobile phones made them feel "happy," 57% reported they felt "distracted, 36% "frustrated," and 15% "angry" because of their devices \[[@ref17]\]. Of the survey respondents with schizophrenia, 25% (114/457) reported feeling "frustrated," 24% (110/457) "paranoid," and 19% (87/457) "angry," suggesting that the feelings caused by use of technology are similar between the general population and those living with schizophrenia. The lack of any strong signal regarding negative experiences with technology is also in line with a recent systematic review of the literature on mobile phone interventions in those with schizophrenia, which also found no evidence of adverse events such as increased paranoia, fear, or anger \[[@ref13]\]. However, some who are afraid of technology may not have taken this Web-based survey, so it is difficult to generalize these results.

Limitations
-----------

While this is the largest study to date examining technology use specifically in people living with schizophrenia, several serious limitations exist. Because this was a Web-based survey, there was a strong sampling bias toward those who had access to the Internet. The respondents of the survey represented a population that was highly engaged in treatment (87%, 398/457), which is above the average nationally. In addition, the survey respondents were not representative of the demographic distribution of individuals living with schizophrenia, since Caucasians were overrepresented in our sample (71%, 325/457). Furthermore, the majority of survey respondents were younger; due to the low sample size of those over age 65, the results for older people with schizophrenia must be interpreted with caution. This survey may be considered to have included a subpopulation of individuals who self-identified as having schizophrenia, were engaged in treatment at a high level, and were technology oriented. These results cannot, therefore, be generalized to the broader population of individuals with schizophrenia; however, they do still represent a segment of those engaged in their recovery and treatment. The fact that our results, especially in regards to device ownership, were similar to prior surveys of technology use in schizophrenia is encouraging. While the study design did not allow us to ascertain if technology use itself was correlated with higher rates of treatment adherence or general functioning, such an analysis is possible and will be an important topic for future research. Our finding that at least some individuals with schizophrenia are well connected digitally underscores the importance of conducting further studies to examine those who are not as connected and why such differences exist. While our survey focused on those who may be more connected, the results are also important in countering assumptions and stigma around those with mental illness and schizophrenia.

Conclusion
----------

There is a subset of individuals living with schizophrenia who often have access to several mobile and Internet-connected devices such as mobile phones and personal computers. They use them in a similar manner as the general population: to make phone calls, browse the Internet, and send text messages. Our results suggest that they use technology in positive ways---for coping, appointments and medication reminders, and connection to family, friends, and peers. For some there is the suggestion of a risk of overuse, as in the general population. While our survey indicates that there is a digitally engaged subset of those with schizophrenia, it does not tell us how we can best leverage technology to improve outcomes, or suggest methods to reach less-connected individuals to better utilize technology to improve outcomes. What our survey does tell us is that these are important questions to be explored, and that we can realize and leverage mHealth solutions in schizophrenia.

As technology continues to be a growing force in modern life and in health care practice, our results demonstrate that opportunities exist to further engage some individuals with schizophrenia in support of their recovery. While our survey does not inform us about those who are not connected and online, understanding those who are connected underscores that schizophrenia should not be considered a barrier to mHealth innovation and the use of digital health tools. Our survey also suggests that technology alone is not a panacea and that there are potential risks associated with technology use. As technology and mHealth continue to expand, it is critical we that we study and understand how mobile devices and Internet tools can be used to further promote recovery in individuals living with schizophrenia.
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